Summary &horbar; The changes in levels of prolactin (PRL) and growth hormone (GH) in plasma and the pituitary gland and their transcripts were measured in turkey hens at different physiological stages by radioimmunoassay and dot blot hybridization analysis, respectively. The levels of tPRL mRNA in the pituitary gland increased from those of the immature group to the egglaying group, reaching a maximum during the incubation and a minimum during the moulting stages. Changes in pituitary levels of PRL and PRL mRNA followed a similar trend and consequently were highly correlated (r 2 = 0.83), whereas a significant but lower correlation was observed between circulating and pituitary levels (r 2 = 0.62). Less significant changes were measured for tGH mRNA, with maximum and minimum levels measured in the pituitaries of egglaying and non-laying hens, respectively. These data suggest that although changes in con 
. It is established that vasoactive intestinal peptide (VIP) is a major PRL-releasing factor in avian species (El Halawani et al, 1990; El Halawani and Rozenboim, 1993 (Sharp et al, 1989) and turkey hens . The transition from the laying to incubating stage in bantam hens is accompanied by a ten-fold increase in the concentration of PRL mRNA (Shimada et al, 1991; Talbot et al, 1991 In addition, the enhanced release of pituitary PRL in incubating bantam hens is associated with increased proportions of PRLsecreting cells that acquire an enhanced secretory capacity (Lopez et al, 1996) . The rise of circulating levels of PRL during incubation appears, therefore, to result from increased synthesis and release of pituitary PRL (Saeki and Tanabe, 1955; Cherms et al, 1962; Burke and Papkoff, 1980; Hoshino and Wakita, 1989) ; however, the exact mechanisms responsible for this rise are not known.
Growth hormone (GH), the other pituitary member of the PRL family, appears to be important for normal growth and development in avian species (reviewed by Scanes, 1984; 1987) . Plasma levels of GH are high in young birds and low in the adult (Scanes and Lauterio, 1984) . Higher levels of circulating GH have been measured in laying hens compared to incubating hens (Bedrak et al, 1981) and in young chickens which are fasted (Scanes, 1987) . Conversely, it has been shown that both the pituitary content and synthetic rate of GH is significantly increased in incubating hens compared to laying hens. In addition, Kansaku et al (1994) noted that levels of GH mRNA also significantly increase in incubating chickens. Why pituitary content, but not release of GH during incubation, increases is not clear. However, turkey hens experience a profound anorexia and lose 20-30% of their body weight during incubation behaviour (Zadworny et al, 1985) and increased pituitary levels of GH may be related to the mobilization of body reserves during the rigours of the fast and/or to preparation for the termination of the fast. In support of the latter, the transition from incubating to brooding behaviour results in a large, but transient, increase in circulating levels of GH (Wentworth et al, 1983) at the same time that normal ingestive behaviour resumes after the incubation of eggs (Zadworny et al, 1985) .
The purpose of the present study was to further examine the changes in pituitary and blood levels of GH and PRL during the reproductive cycle of turkey hens in association with their expression in the pituitary gland.
MATERIALS AND METHODS

Animals
In the present study medium white (Betina strain) (Sambrook et al, 1989) . The positions of the 28S and 18S on the filter were visualized using an ultraviolet (UV) lamp. RNA was cross-linked on the membrane by UV light irradiation for 5 min, followed by baking at 80 °C for 2 h.
RNA dot blot analysis
The relative concentrations of mRNAs for PRL and GH in the turkey pituitary were measured by the dot blot hybridization procedure described by White and Bancroft (1982) . RNA (Karatzas et al, 1990) and tGH (Karatzas, 1993) figure  3 . The levels of tPRL mRNA in the turkey pituitary increased an average nine-and 13-fold, relative to sexually immature hens, during egg-laying (onset) and incubation (fig 3) . During the late stages of egg-laying, levels of PRL mRNA decreased but were still significantly higher than in out-of-lay or moulting hens. In contrast, pituitary levels of tGH mRNA did not vary so markedly during the life of the turkey hen. Laying hens had significantly higher levels of GH mRNA than all the other stages with the exception of moulting hens.
Plasma and pituitary PRL and GH levels during the reproductive cycle of the turkey Circulating levels of PRL were seven-and 16-fold higher in turkeys in the laying and incubation phase, respectively, than in the sexually immature hens (fig 3) . There were no significant differences in plasma levels of PRL in the other groups. The levels of pituitary PRL showed the same relative trend as those of the plasma, being highest during the incubation phase and lowest in hens at the moulting phase. However, the fold increases were not similar. For example, incubating hens showed a four-and ten-fold increase in the pituitary gland and plasma, respectively, over the values of the sexually immature group. The transition from the incubation to the out-of-lay stage was accompanied with a 13-and four-fold decrease in plasma and pituitary levels of PRL, respectively.
Circulating levels of GH were not different throughout the physiological stages examined except for those measured in the plasma of immature hens. Although no significant changes were observed (P > 0.05), the levels of GH measured in the pituitaries of hens appeared to rise from a low level in the immature hens to an intermediate level in the egglaying group and reached the highest levels in hens that were at the end of egg-laying.
Overall, tPRL mRNA levels were highly correlated with the levels of tPRL in the pituitary gland (r 2 = 0.83, P < 0.05), whereas, lower but still significant correlations were observed between tPRL mRNA and circulating levels or pituitary and circulating levels of PRL (r 2 = 0.67 and 0.62, respectively). (Scanes, 1987) , and short-term fasting results in increased GH secretion in young chickens (Scanes, 1987) and turkeys (Proudman and Opel, 1981) . Since incubation behaviour is associated with aphagia and a 20-30% decrease in body weight (Zadworny et al, 1985 (Zadworny et al, , 1988 , it has been proposed by Hoshino and Wakita (1989) (fig 3) . Similar results have been reported in the chicken (Kansaku et al, 1994) . Therefore, factors other than, or in addition to, GH may be involved in the lipolytic process during incubation behaviour. However, we cannot exclude higher rates of GH turnover both within the hypophysis and the blood which might be associated with incubation behaviour. In support of the latter, Hoshino and Wakita (1989) observed a greater than three-fold increase in the synthetic rate of GH associated with incubation behaviour, whereas the rate of release was suppressed.
In addition, although blood levels of GH are lower during incubation than in egg-laying, a large increase in GH occurs at the termination of incubation behaviour (Wentworth et al, 1983 (Jahn et al, 1984; Haisenleder et al, 1989 ) that affect the high levels of PRL mRNA levels measured in the turkey pituitary during the incubation phase (fig 3) . Transcriptional regulators of avian PRL have not been studied in detail. In mammals the transcription factor Pit-I/GHF-1 regulates both PRL and GH genes (Ingraham et al, 1990 ). Wong et al (1992b) recently cloned the turkey counterpart of the mammalian Pit-1/GHF-1.
They found no significant changes in the levels of Pit-1 mRNA during the reproductive life of the hen, including the incubating stage.
Therefore, the increases in the PRL mRNA levels during the hyperprolactinemic phase in the turkey hen may be accounted for by the cooperation of additional transcriptional factors, but not Pit-1 alone, in mediating basal and hormonal-stimulated PRL gene transcription (Iverson et al, 1990; Wong et al, 1992b) . For example, it has been shown that VIP regulates PRL mRNA levels in addition to acting as a physiological releasing factor in the bantam (Talbot et al, 1991 ) and turkey hens (El Halawani et al, 1990b) . The recent cloning of the turkey PRL gene (Kurima et al, 1995) , including about 2 kb of its upstream regulatory sequence, should prove useful for studying transcriptional regulation.
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